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xO=iDU= O}it |=yQ}eDt |}=U=vW |=Q@ |Q=mD@==Qi |=ysD} Qwor= |Q}oQ=mx@ uwO@

"OwW|t
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|OOaDt u}kkLt \UwD MTS |vi w |D=}rta '|twyit p�=Ut R= |NQ@
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=yQ}eDt |R=Uxv}tm |=Q@ V=WDe= x@ p=vo}U MQv w |QUm p} QwDm =i C=W}=tR;
"CU= xH}Dv|@ 'QF-wt X}NWD Qw_vtx@ �|rY= |=yQ}eDt R= xO=iDU= \}=QW QO�
|=Q@ u=wD|t |QDy@ |wHwCUH sD} Qwor= R= xm OQ=O u}= x@ xQ=W= =yv; |UQQ@
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'C=@U=Lt QO x=@DW= |Ov@xk@] |=Q@ ?U=vt uRw ?=NDv= j} Q] R= w xOW pOt
=yxYNWt R= Q_v OQwt |xawtHtQ} R u}}aD |=Q@ =Q xOvQ}os}tYD |O=yvW}B x=oO}O
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x@ =yv; lJ xm OvQ=O xQ=W= |O=Qi= x@ p=tQv |=yxO=O |Q=Olv=@ sDU}U QO "OvDUy
xOQwN CWoQ@ =yv; lJ xm OvDUy |O=Qi= p=tQvQ}e |=yxO=O w 'xOW pwYw `kwt
Q=yJ R= |Jwo =D T}@ wvq=y=t sDU}U xm Cio u=wD|t |Ov@s}UkD u}= =@ p=L "CU=

%OwW|t p}mWD =QH= |=Q@ xrLQt
�sr=U� |=yxYNWt u=wvax@ xm |}=yQ}eDt "T}@ wvq=y=t |=[i Q=DN=U �hr=
|Qw;`tH sr=U =} p=tQv |=yxwQo QO =yxO=O "OvwW|t XNWt 'Ov=xOW h} QaD
MD p=tQv |=RH= |=Q@ w '|R=UOQ=Ov=DU= p=tQv |=yQ}eDt TBU "OvwW|t
u=wvax@ w 'h} QaD �T}@ wvq=y=t |=[i� u=wvax@ Q}O=kt u}= "OwW|t x@U=Lt
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|xOy=Wt |xOW OQ=Ov=DU= Q=Okt Zij &(j = 1; 2; :::; n) xOy=Wt |xQ=tW j
C�1 &|oDU@ty T} QD=t C &�|i}m |xYNWt u}t=i R= xOy=Wt u}t=j�Xij

"xOy=Wt u}t=j T}@ wvq=y=t |xrY=i MDj &|oDU@ty T} QD=t Twmat
xwQo |=yxO=O |=Q@ T}@ wvq=y=t |xrY=i xrLQt u}= QO "MS |HvUQ=@Da= �?
u}ov=}t R= =yv; |R=UOQ=Ov=DU= |=Q@ xm CQwY u}= x@ 'OwW|t x@U=Lt p=tQvQ}e
|xrY=i x@U=Lt |=Q@ w OwW|t xO=iDU= p=tQv xwQo |=yxO=O Q=}at h=QLv= w
OQ@ Q=m p=tQv xwQo |oDU@ty T} QD=t 'C=Oy=Wt u}= R= s=OmQy T}@ wvq=y=t
p=tQv xwQo R= C=Oy=Wt R= s=OmQy |xrY=i uOQm XNWt Q=m u}= p}rO "OQ=O
T}@ wvq=y=t |xrY=i xm Ovm|t pta ?wN |v=tR Q=m u}= MTS j@] "CU=

"OW=@ p=tQv xwQo |=Q@ T}@ wvq=y=t |xrY=i R= QDnQR@ p=tQvQ}e xwQo |=Q@
uOQw; CUO x@ OQ=wt R= |Q=}U@ QO "�|R=Uxv}y@� O}it |=yQ}eDt ?=NDv= �G
|a}Uw Q=}U@ sHL p}rLD w x} RHD R}v w 'CU=Rxv} Ry w Q}oCkw Q=}U@ C=aq]=
'Ckw QO u=wD|t =yxO=O |Qor=@ Qe =@ =Pr &CU=UQi Ck=] Q=}U@ R}v C=aq]= R=
=@ xrLQt u}= QO "CU= |R=Uxv}y@ |awv OwN xm OQm |} wHxiQY """w xv} Ry
OwHwt |=yQ}eDt u}@ R= 'Ot=aDt |=yx}=Q; w |Jwo =D V}=tR; |L=Q] R= xO=iDU=
u}tyx@ "CU}v O=tDa= p@=k u=OvJ VwQ u}= xm 'OvQw;|t CUO x@ =Q |}=yQ}eDt
=Q =yQ}eDt u}= |QDW}@ CkO =@ u=wD@ =D CU= CtUk u}= Q@ xr=kt u}= RmQtD p}rO

"OQm |Qor=@ Qe
MTS T=}kt =@ |v}@V}B w xOv};X}NWD x@ xrLQt u}= "|v}@V}B wX}NWD �O
C=t=Ok= w KqY= 'MD Q=Okt x@ xDU@ "OQ=O X=YDN= O}it |=yQ}eDt T=U=Q@
p=tQvQ}e =} p=tQv X}NWD w |v}@V}B |=Q@ "OwW|t |Q}o}B w xOW s=Hv= Qo}O
xHQO u=} R `@=D l} xm OQm xO=iDU= xv=DU; OL l} R= O}=@ 'xOv}; C=Oy=Wt uOw@
|Qw]x@ 'OvQ}o|t Q=Qk xO=iDU= OQwt MD Q=Okt |xv=DU;OL |x@U=Lt |=Q@ wO
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14

Archive of SID

www.SID.ir

http://www.sid.ir


|}=k
;xrr

=O@a
w|

t}y=
Q@u

}UL
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Vy=m =Q O}it |=yQ}eDt O=OaD OUQv ?}U; xr�Ut x@ xm |}=H =D O}=@ xm CU= u}=
%OQm xrwtQi u}vJ =Q u; w O=O

f2 (x) = PSelect
P

(8)

QO "CU= xOW ?=NDv= |=yQ}eDt O=OaD PSelect w =yQ}eDt pm O=OaD P u; QO xm
%R= Ow@ Oy=wN CQ=@a `@=D |rm |Ov@pwtQi xH}Dv

F (x) = W1 � f1 (x) +W2 � f2(x) (9)

"OQ=O |oDU@ xOvQ}os}tYD CU=}U x@ w OvDUy `@=D wO u}= |=yuRw W2 w W1
%R= CU= CQ=@a R}v xr�Ut u}= |=yC}OwOLt

pX
i=1

xi � p (10)

pX
i=1

xi = pselected (11)

f1 (X) � f ;max
1 (12)

%u; QO xm CU= |Oa@ P Q=OQ@ l} X = (x1; x2; :::; xp)t O}vm ZQi

xi =

8<:0 OwW ?=NDv= i Q}eDt Qo =
1 OwW ?=NDv= j Q}eDt Qo =

u}= "OvDUy 1 w 0 u}@ C@Ft O=Oa= f2 (x) w f1 (x) `@=D wO Qy xm CU= |y}O@
x@ |Ov@pwtQi "OwW|t |R=Uxv}y@ 12 |r= 10 |=yC}OwOLt x@ xHwD =@ hOy `@=D
K} QYD pw=C}OwOLt u; QO xmCU= K}LY OOa |Qv}=@ |R} Qxt=vQ@l} xOt;CUO
pm QO =yQ}eDt O=OaD |w=Ut =} QDlJwm O}=@ s}tYD |=yQ}eDt ẁtHt xm Ovm|t
T=}kt |R=UxO=t; |=Q@ =yQ}eDt R= |}xawtHtQ} R xm |t=ovy� "OW=@ xO=O xawtHt
s}tYD |=yQ}eDt ẁtHt 'OW ?=NDv= VwQ u}= R= xO=iDU= =@ MTS |Q}oxR=Ov=
xawtHtQ} Rl} |xR=Ov= swO |xrO=at �"OwW|t =yQ}eDt |x}rw= O=OaD R= QDsm COWx@
,=iQY pw@k |=Q@ =Q xOvQ}os}tYD p}=tD QN; C}OwOLt "Ovm|t u=}@ =Q =yQ}eDt R=
x=@DW= |Ov@xk@] |xOWO=H}= pm uRw xm Ovm|t ?rH |}=yxYNWt |xawtHtQ} R
u=Q}os}tYD '|rta OQ=wt QO "CU= xOW O}rwD |=yQ}eDt s=tD |w=Ut =} QDlJwm
=@ xm |Dr=L x@ C@Uv u}= xm 'Ovvm|t |Q=OOwN |Q}oxR=Ov= T=}kt l} |x�=Q= R=
OwW|t Ea=@ w CU= R}t;Z}a@D QDsm 'CU= xOW O=H}= |rY= |=yQ}eDt s=tD
'|w \UwD xOW x�=Q= |x}rw= |=yQ}eDt =@ w Ovm|t P=ND= =Q f ;max1 xOvQ}os}tYD

"OwW|t s=Hv= C=@U=Lt

pOt u}= pL VwQ "4
|t=tD |UQQ@ VwQ u} QDj}kO =t= OQm pL u=wD|t |Dw=iDt |=yVwQ x@ =Q pOt u}=
=@ umtt \=kv s=tD |UQQ@ VwQ R= xO=iDU= =@ xr�Ut u}=Q@=v@ "CU= umtt Cq=L
|=Q@ CPU Core(TM) i5-2410M 2 30GHz w R2011a ?rDt Q=Ri=sQv
"CU= xDW=OQ@ QO =Q 1 pwOH |v=tR G}=Dv xm OW pL Cw=iDt |=yQ}eDt =@ |}=yxwQo
Q=Ri=sQv R= xO=iDU= =@ u=wD|t 'OW=@ sRq |D; C=Oy=Wt R= |OQw;Q@ Qo = p=L

%OQw; CUO x@ =yQ}eDt O=OaD T=U=Q@ |}xrO=at MiniTab

Y = 0 7832� 0 472 �X + 0 08235 �X2 (13)

x@ `k=w QO xm |v=tR 'xk@] =} xOQ l} QO xOy=Wt l} CUQO=v |}=U=vW R= |W=v
"1 %OQ=O OwHw x=@DW= |Ov@xk@] ẁv wO MTS QO "OQ=O jraD Cw=iDt xwQo l}
u=wvax@ sr=U=v C=Oy=Wt |Ov@xk@] "2 &sr=U=v u=wvax@ sr=U C=Oy=Wt |Ov@xk@]
CLD sDU}U x@ COWx@ x=@DW= |Ov@xk@] hrDNt ẁv wO R= |W=v ?k=wa "sr=U
|=Q@ u=tR=U x@ |r}tLD |=yxv} Ry "OW=@ Cw=iDt CU= umtt w OQ=O |oDU@ |UQQ@
=Q x=@DW= |Ov@xk@] pm O=OaD "OW=@v u=Um} CU= umtt x=@DW= |Ov@xk@] ẁv wO
|=Q@ p=Lu}= =@ "OQw;CUO x@ x=@DW= |Ov@xk@] ẁv wO uOQm `tH =@|oO=Ux@ u=wD|t
|Ov@xk@] ẁv wO u}= |vRw `tH |xr}Uwx@ �x=@DW= |Ov@xk@]� Q=Okt |rta h=Oy=
pm x=@DW= |Ov@xk@] |Q}oxR=Ov= |=Q@ `@=D l} ?}DQD u}= x@ "OwW|t x@U=Lt x=@DW=

%OwW|t pY=L Q} R CQwYx@
TWFM = f1(x) = �Ne1

N1
+ �Ne2

N2
(3)

O=OaD Ne2 &sr=U=v xwQo QO xOW |Ov@xk@] sr=U C=Oy=Wt O=OaD Ne1 'u; QO xm
&sr=U xwQo C=Oy=Wt O=OaD N1 &sr=U xwQo QO xOW |Ov@xk@] sr=U=v C=Oy=Wt
|Ov@xk@] R= |W=v |=yu=} R ?}DQD x@ � w � &sr=U=v xwQo C=Oy=Wt O=OaD N2
|xv} Ry Qo = |va} &OvW=@ xv} Ry ẁv R= CU= umtt xm OvDUy xwQo wO u}= x=@DW=
|Ov@xk@] R= |W=v |xv} Ry w C1 =@ =Q p=tQv |=yxwQo x=@DW= |Ov@xk@] R= |W=v
%OwW|t x@U=Lt u}vJ � w � 'OwW xO=O V}=tv C2 =@ p=tQvQ}e |=yxwQo x=@DW=
� = C1

C1 + C2
(4)

� = C2
C1 + C2

(5)

xW} w; |xr=kt QO xOW x�=Q= |O=yvW}B VwQ R= Ne2 w Ne1 Q=Okt |Q}oxR=Ov= |=Q@
x@ xHwD =@ hrDNt |=ysDU}U QO 'VwQ u}= QO =Q} R OwW|tv xO=iDU= |D}=t w
p=tQv Q}e =@ p=tQv C=Oy=Wt QO MD u}@ |v=OvJ hqDN= CU= umtt u=WC}y=t
x=oO}O u}= p}rO u}tyx@ &OW=@ xDW=O OwHw CQB |=yxO=O CU= umtt R}v w OW=@v
l} '|O=yvW}B VwQ u}= QO wQ u}= R= "OQwN|tQ@ pmWt x@ x=@DW= |Ov@xk@] |=Q@
p=tQvQ}e C=Oy=Wt R= s=OmQy =D OwW|t h} QaD p=tQvQ}e C=Oy=Wt |=Q@ u}}=B OL
QO xOy=Wt u}= |va} 'OvwW ?wULt x=@DW= |Ov@xk@] l} OvOW QDsm OL u}= R=
|=Q@ u}vJty "CU= xOW |Ov@xDUO =yp=tQvQ}e <RH x=@DW= x@ |rw xOw@ p=tQv pY=
C=Oy=Wt u}= R= s=OmQy =D OwW|t xDiQo Q_v QO q=@ OL l} R}v p=tQv C=Oy=Wt
u}= pY= QO w OvwW ?wULt x=@DW= |Ov@ xk@] <RH 'OvOW QDW}@ OL u}= R= p=tQv
u}= "CU= xOW |Ov@xk@] p=tQv C=Oy=Wt QO x=@DW= x@ xm xOw@ p=tQvQ}e xOy=Wt

%R= Ov=CQ=@a u}}=B w q=@ OwOL
Lower bound = MmdN + (ra=r) �Diffmean+ StdN (6)

Upper bound = MmdAN � (ra=r) �Diffmean� StdAN
(7)

MmdAN &p=tQv xwQo T}@ wvq=y=t |xrY=i u}ov=}t MmdN '=yv; QO xm
|xrY=i OQ=Ov=DU= h=QLv= StdN &p=tQvQ}e xwQo T}@ wvq=y=t |xrY=i u}ov=}t
xwQo T}@ wvq=y=t |xrY=i OQ=Ov=DU= h=QLv= StdAN &p=tQv xwQo T}@ wvq=y=t
Q}e w p=tQv xwQo T}@ wvq=y=t |xrY=i u}ov=}t hqDN= Diffmean &p=tQvQ}e

"p=tQvQ}e xwQo C=Oy=Wt O=OaD ra &p=tQv xwQo C=Oy=Wt O=OaD r &p=tQv
|=y|Ov@xk@] O=OaD w Ne1 =@ =Q p=tQv xwQo x=@DW= |=y|Ov@xk@] O=OaD p=L
TWFM `@=D R= O}=@ 'Q}U=iD u}= =@ "s}yO|t V}=tvNe2 =@ =Q p=tQvQ}e xwQo x=@DW=
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Ot|Q=wU =yv; |wQOwN xm Ov=xOW xDiQo Q_v QO |v=} QDWt 'Ov=xOQm |iQat xv}tR
x@ p=U u}= QO xm OvDUy |v=} QDWt p=tQv xwQo "CU= |YNW |xO=iDU= =@ w
x@ 1390 p=U |] xm OvDUy |v=} QDWt p=tQvQ}e xwQo w Ov=xOv=UQ OwU CmQW
R= Ov=xOQm xt}@ =Q wQOwN xm |O=Qi= xm CU= u}= Q@ ZQi "Ov=xOv=UQ QQ[ CmQW

"Ov=xOQm xO=iDU= wQOwN
u}@ R= %xOW ?=NDv= |=yQ}eDt |=Q@ p=tQv xwQo R= xO=O T=}kt l} O}rwD "3 s=o
p=tQv |xOy=Wt 750 'Q_v OQwt C=aq]= =@ xt}@ CmQW QO OwHwt |=y|QDWt

"OvwW|t |Q}oxvwtv |iO=YD CQwYx@ xOW h} QaD |=yQ}eDt s=tD |=Q@
p=tQvQ}e |xOy=Wt 250 =Hv}= QO %p=tQv xwQo R= GQ=N C=Oy=Wt |Qw;`tH "4 s=o

"OwW|t |Q}oxvwtv |iO=YD Qw]x@
|xv} Ry %p@k VN@ QO xOW s=Hv= |R=UpOt R= xO=iDU= =@ xr�Ut uOQm Om "5 s=o
C1 = 90 xOvQ}os}tYD Q_v =@ p=tQvQ}e|=Hx@ p=tQvC=Oy=Wt x=@DW=|Ov@xk@]
"CU= C2 = 30p=tQv |=Hx@ p=tQvQ}e C=Oy=Wt x=@DW=|Ov@ xk@] |xv} Ry w
3 pwOH QO |R=UpOt u}= G}=Dv "CU= 0 25 w 0 75 ?}DQD x@ � w � xH}DvQO

"CU= xOW x�Q= hrDNt |=yuRw =@
w 'Vv=Q=mty w |D}=t |R=UpOt =@ pOt |};Q=m |xU}=kt |=Q@ 3 pwOH QO
x_Lqt xm u=vJ "OwW|t xO=iDU= S/N MQv R= 'V}=tR; |L=Q] VwQ u}vJty
|v@t �� |Jwo =D T}@ wvq=y=t sDU}U ?=Dm QO |Jwo =D Q_v x@ xHwD =@ O}vm|t
MQv �� OQ=O |QDy@ |};Q=m ?}mQD u; 'OW=@ QDW}@ S/N MQv xJQy xm u}= Q@
V}=tR; |L=Q] VwQ x@ C@Uv xOW xO=O |=yuRw =@ |O=yvW}B VwQ |=Q@ S/N

w �CU= K]U wO QO xYNWt 7 |=Q@ Ot=aDt |=yx}=Q; pwOH R= xm � |Jwo =D
QO W = (0 9; 0 1) uRw u; QO xm Vv=Q=mty w |D}=t |xO=iDU= OQwt pOt

"CU= QDy@ 'xOW xDiQo Q_v

� w � |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD "2"5
u}= G}=Dv QO � w � C=Q}}eD W = (0 8; 0 2) |=yuRw |=Q@ '4 pwOH x@ xHwD =@
CU= u}= R= |m =L G}=Dv W = (0 9; 0 1) |=yuRw |=Q@ w CU= Q}F-=D|@ xr�Ut
w OwW|t sm 'xOt; CUO x@ O}it |=yQ}eDt O=OaD R= � w � |Q@=Q@ CQwY QO xm
Cr=L QO w OQ=Ov Q}F-=D G}=Dv QO � w � C=Q}}eD W = (0 9; 0 1) |=yuRw |=Q@
|}xDmv xD@r= 'OvQ=Ov |Q}F-=D � w � |=yuRw |OQwt |UQQ@ u}= QO Cio u=wD|t |rm
umtt w CU= xr�Ut u}= OQwtQO \ki G}=Dv u}= uOQm jOY CU= KQ]t =Hv}= QO xm
� xOW x�=Q= pOt QO p}rO u}ty x@ &OvW=@ QF-wt =yQDt=Q=B u}= Qo}O p�=Ut QO CU=

"CU= xOW xO}v=Hvo � w

|Q}oxH}Dv "6
xv} Ry QO |} wHxiQY Ea=@ |ak=w |=}vO QO =yQ}eDt |Qor=@ Qe 'OW xDio xm u=vJ
R= |m} xm xQ}eDtOvJ |v}@V}B |=ysDU}U QO 'u}= Q@ uwRi= w OwW|t u=tR w
xHwD =@ "CU= |QwQ[ Q=}U@ |Qt= CU= |Jwo =D T}@ wvq=y=t sDU}U =yv; u} QD=Q=m
pOt u}= |=QH= =@ xm OW xOy=Wt xDmv u}= 'p@k CtUk QO xOW s=Hv= |=yxU}=kt x@
xi=[= w hPL ,=y=o pOt |=yuRw Q}}eD =@ �uU� pw= |xYNWt 'xt}@ sDU}U |=Q@
C}U=UL pOt |=yQDt=Q=B x@ C@Uv |r}N xr�Ut u}= QO Q}eDt u}= |va} "OwW|t
C=@}mQD |t=tD QO 'u}W=t Qta w C}UvH |va} Qo}O Q}eDt wO |rw OyO|t u=Wv

"pt=m CQwYx@ pOt pL R= pY=L |v=tR G}=Dv "1 pwOH
u=tR C=Oy=Wt O=OaD O=OaD
pL =yQ}eDt

0 11 p=tQvQ}e xOy=Wt 970 w p=tQv xOy=Wt 2300 3
0 48 p=tQvQ}e xOy=Wt 970 w p=tQv xOy=Wt 2300 5
1 51 p=tQvQ}e xOy=Wt 970 w p=tQv xOy=Wt 2300 7
3 21 p=tQvQ}e xOy=Wt 970 w p=tQv xOy=Wt 2300 9
5 55 p=tQvQ}e xOy=Wt 970 w p=tQv xOy=Wt 2300 11

pOt pL |=Q@ xOW hQY u=tR Y w pOt QO OwHwt |=yxYNWt O=OaDX u; QO xm
CQwYx@ w OQ=Ov |]N |x]@=Q =yQ}eDt O=OaD x@ C@Uv pL u=tR xm =Hv; R= "CU=
13 |x]@=Q |=Q@ xm xOW VR=Q@ |vLvt u} QDy@ 'CU= |}x@DQtOvJ =} |}=tv `@=wD
"CU= jwi CQwYx@ MiniTab Q=Ri=sQv X}NWD =@ CU= |QDsm |=]N |=Q=O

OQwt =yxr=kt s=tD QO xm |rta |=yxO=O |=Q@ 'xOW x�=Q= |xrO=at R= xO=iDU= =@
|=yQ}eDt O=OaD u} QDW}@ '|Jwo =DT}@ wvq=y=t ?=Dm QO u}vJty w xDiQo Q=Qk|UQQ@
pL u=tR QFm =OL OwHw u}= =@ &CU= 400 C=Oy=Wt O=OaD u} QDW}@ w 40 OwHwt
j} Q] R= pL x@ |R=}v xm OUQ|t Q_v x@ xH}DvQO w OwW|t OQw;Q@ x}v=F 114 u;

"OW=@v |Q=mD@==Qi |=yVwQ

|xvO@ xt}@ sDU}U |wQ |O=yvW}B VwQ |R=UxO=}B "5
[11]wQOwN

|tyt x=o}=H xRwQt= xm OvDUy |D=tON |=yu=oQ= u} QDsyt R= |m} xt}@ |=yCmQW
EO=wL R= |W=v |v=Qov '|LwQ Vt=Q; w Q]=N C}vt= O=H}= =@ xt}@ "OvQ=O u}@ u}= QO
uOW u=wQ x@ j} Q] u}= R= w xOQm nvQtm u=yP= QO =Q xOWv |v}@V}B w |v=yo =v

"Ovm|t ltm |oOvR w Q=m |xNQJ
pt=wa u}= w OW=@ xDW=O OwHw |O=} R QF-wt pt=wa |tDU}U QO xm |t=ovy
"OwW|t xO}J}B sDU}U p}rLD w x} RHD 'OvQ=Po@ QF= sy Q@ w OvW=@v sy R= pkDUt
pt=wa |}=U=vW =@ u=wD|t xQ}eDtOvJ |=yp}rLD R= xO=iDU= =@ |]}=QW u}vJ QO
"OQm QDsyi p@=k w QDxO=U =Q sDU}U 'sy Q@ pt=wa s=tD QF= uDiQo Q_v QO w QDsyt
Q=PoQ}F-=D pt=wa Vy=m |=Q@ ?U=vt |xQ}eDtOvJ p}rLD VwQ l} MTS VwQ
VwQ |}=v=wD R= xO=iDU= =@ CtUk u}= "CU= QDsyt w |rY= pt=wa |}=U=vW w

"Ovm|t |}=U=vW =Q C=iO=YD QO Q=PoQF= pt=wa '|O=yvW}B

|O=yvW}B VwQ |R=U xO=}B |U=U= |=ys=o "1"5
pt=a Ciy wQOwN |xvO@ |xt}@ u=U=vWQ=m Q_v T=U=Q@ %=yQ}eDt h} QaD "1 s=o
"Ov=xOW |}=U=vW wQOwNl} x@ xOQ=w CQ=UN QO Q=PoQ}F-=D pt=wa u=wvax@ |rY=
=yxO=O� "CU= xOW |iQat 2 pwOH QO pt=wa |xvt=O x=Qty x@ pt=wa u}=

�"CU= 1390 p=U x@ \w@ Qt
QO xm |v=} QDWt |ak=w |=yxO=O R= Qw_vt u}= |=Q@ %p=tQv xwQo h} QaD "2 s=o
xOW xO=iDU= 'Ov=xOQm xt}@ =yCmQW R= |m} QO =Q OwN |wQOwN 1390 p=U
u}= QO syt Q}eDt l} u=wvax@ =Q xt}@ |xk@=U pt=a u=U=vWQ=m xm =Hv; R= "CU=
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|}=k
;xrr

=O@a
w|

t}y=
Q@u

}UL
Q}t= "=yv; |xvt=O w =yQ}eDt h} QaD "2 pwOH

xvt=O T}Ov= Q}eDt
77�18 x1 uU

�uR w OQt� 1�0 x2 C}UvH
�CU= ^wiLt u=oOvU} wv ORv =yv; s=v xm C}atH QB QyW GvB� A w B 'C 'D 'E x3 QyW
m1;m2;m3;m4;m5;m6;m7;m8;m9;m10 Q=OiQ] QB u}W=t 10 x4 wQOwN ẁv

20�1 x5 u}W=t Qta
1�0 x6 hO=YD xk@=U

p=} Q 32000000 { p=} Q 350000000 x7 wQOwN VRQ=

"C=U}=kt w xr�Ut pL G}=Dv "3 pwOH
W = fw1; w2g =yuRw X = fx1; x2; x3; x4; x5; x6; x7g S/N hOy `@=D Q=Okt

(0 8; 0 2) X = f0; 1; 0; 0; 1; 0; 0g 11 3260 0 1211
(0 9; 0 1) X = f1; 1; 0; 0; 1; 0; 0g 10 8788 0 1006

(0 95; 0 05) X = f1; 1; 0; 0; 1; 0; 0g 10 8788 0 0903
(0 975; 0 025) X = f1; 1; 0; 0; 1; 1; 0g 8 7846 0 0864
|D}=t pOt =@ X = f0; 1; 0; 0; 1; 0; 1g 9 7818 ��

=yV}=tR; |L=Q] R= xO=iDU= =@ X = f0; 1; 0; 1; 1; 0; 0g 9 7850 ��

"�; � x@ C@Uv C}U=UL p}rLD G}=Dv "4 pwOH
W = fw1; w2g �; � X = fx1; x2; x3; x4; x5; x6; x7g hOy `@=D Q=Okt

(0 8; 0 2)

(0 25; 0 75) X = f0; 1; 0; 0; 1; 0; 0g 0 2299
(0 5; 0 5) X = f0; 1; 0; 0; 1; 0; 0g 0 1755

(0 75; 0 25) X = f0; 1; 0; 0; 1; 0; 0g 0 1211

(0 9; 0 1)

(0 25; 0 75) X = f1; 1; 0; 0; 1; 0; 0g 0 2211
(0 5; 0 5) X = f0; 1; 0; 0; 1; 0; 0g 0 1618

(0 75; 0 25) X = f1; 1; 0; 0; 1; 0; 0g 0 1006

(0 95; 0 05)

(0 25; 0 75) X = f1; 1; 0; 0; 1; 0; 0g 0 2095
(0 5; 0 5) X = f1; 1; 0; 0; 1; 0; 0g 0 1506

(0 75; 0 25) X = f1; 1; 0; 0; 1; 0; 0g 0 0903

T}@ wvq=y=t sDU}U Q@ xwqa =yQ}eDt R= xv}y@ |xawtHtQ} R ?=NDv= |rm Qw]x@
OQ@ Q=m xQ}e w uw}UQoQ '|@Ya xm@W sD} Qwor= xrtHR= Qo}O |=yxv}tR QO '|Jwo =D
xO=iDU= =y=QH=CaQUV}=Ri= w |R=Uxv}y@ |=Q@ |Qor=@ Qe R= Qw_vt u}= |=Q@ xm OQ=O
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=D OwW|t Ea=@ xt}@ sDU}U |=Q@ |Jwo =D T}@ wvq=y=t sDU}U |R=UxO=}B
Ovvm |}=U=vW Ovvm|t OQ=wCmQW x@ |}q=@ CQ=UN xm =Q |v=} QDWt xt}@ |=yCmQW
|=yCU=}U w C=O}ytDCU= CQ=UN ẁv R= xmCmQW u}= |=y=[=kD |v}@V}B =@ w

"Ovm p=ta= ẁ[wt u}= |=Q@ =Q ?U=vt

xm OvDUy |O}it |=yQ}eDt uU w C}UvH 'u}W=t Qta p}rO u}tyx@ "OvQ=O OwHw
"OwW|t x�=Q=

R= 3� umtt Q=Okt u} QDsm x@ =yQ}eDt O=OaD |O=yvW}B pOt R= xO=iDU= =@
Qt= u}= "OQ=O =Q umtt Q=Okt u} QDW}@ =yv; u}@ QO R}v S/N MQv u}vJty w �7
|Qo}O VwQ xD@r= "CU= xt}@ sDU}U OQwtQO sm CUO pOt u}= |}=Q=m Qou=}=tv
|=Q@ ?}mQD u}= R= xO=iDU= sy u; w OQ=O OwHw pOt |}=Q=m |xU}=kt |=Q@ R}v
pkDvt |D; C=k}kLD |xRwL x@ xU}=kt u}= xm CU= sDU}U X}NWD w |v}@V}B

"OwW|t
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1. Mahalanobis taguchy system
2. Orthogonal Array
3. Mahalanobis Distance
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